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In the title Schiff base complex, [Ni(C 18 H 14 Cl 4 N 2 0 2 )- 
(C 3 H 7 NO) 2 ], the geometry around the Ni 11 atom is distorted 
octahedral. It is coordinated by the N 2 0 2 donor atoms of the 
tetradentate Schiff base ligand and the O atoms of two 
dimethylformamide molecules, which are cis to one another. 
The benzene rings are almost normal to each other [dihedral 
angle = 88.60 (14)°]. The various intramolecular C-H- ■ O 
hydrogen bonds make 5(5) and 5(6) ring motifs. In the crystal, 
molecules are linked by pairs of weak C— H- ■ -CI interactions, 
forming inversion dimers. 

Related literature 

For standard bond lengths, see: Allen et al. (1987). For 
hydrogen-bond motifs, see: Bernstein et al. (1995). For back- 
ground to Schiff base ligands and their complexes, see: Kargar, 
Kia, Abbasian et al. (2012); Kargar et al. (2011); Kia et al. 
(2010). For the crystal structure of the ligand, see: Kargar, Kia, 
Ardakani et al. (2012). 




Experimental 

Crystal data 

[Ni(C 18 H 14 Cl4N 2 0 2 )(C 3 H v NO) 2 ] 

M r = 637.01 

Monoclinic, Pl^/n 

a = 9.7392 (11) A 

b = 19.165 (2) A 

c = 15.0197 (14) A 

P = 93.236 (3)° 

Data collection 

Bruker SMART APEXII CCD 
area-detector diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2005) 
T min = 0.690, r m „ = 0.761 

Refinement 

R[F 2 > 2a(F 2 )} = 0.044 

wR(F 2 ) = 0.123 

S = 1.02 

6633 reflections 



Table 1 

Hydrogen-bond geometry (A, °). 



V = 2799.0 (5) A 3 
Z = 4 

Mo Ka radiation 
li = 1.11 mm -1 
T = 291 K 

0.36 x 0.28 x 0.26 mm 



23789 measured reflections 
6633 independent reflections 
4349 reflections with I > 2a(I) 
R in . = 0.053 



338 parameters 

H-atom parameters constrained 
Ap max = 0.39 e A~ 3 
Ap mi „ = -0.58 e A -3 



D-H- - A 


D-H 


H-A 


D-A 


D-H- - A 


C9-H9B- ■ 04 


0.97 


2.58 


3.327 (4) 


134 


C11-H11B-04 


0.97 


2.40 


3.057 (4) 


125 


C19-H19-01 


0.93 


2.25 


2.865 (4) 


123 


C8-H8/1- ■ C13' 


0.97 


2.86 


3.753 (3) 


153 



Symmetry code: (i) — x, — y, —z + 1. 

Data collection: APEX2 (Bruker, 2005); cell refinement: SAINT 
(Bruker, 2005); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
SHELXTL (Sheldrick, 2008); software used to prepare material for 
publication: SHELXTL and PLATON (Spek, 2009). 
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Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: SU2463). 



t Present address: Structural Dynamics of (Bio)Chemical Systems, Max 
Planck Institute for Biophysical Chemistry, Am Fassberg 11, 37077 Gottingen, 
Germany. 



Acta Cryst. (2012). E68, m997-m998 



doi:10.1 107/S1 60053681 2028681 



Kargar et al. m997 



metal-organic compounds 



References 

Allen, F. H., Kennard, O., Watson, D. G., Brammer, L., Orpen, A. G. & Taylor, 

R. (1987). J. Chem. Soc. Perkin Trans. 2, pp. Sl-19. 
Bernstein, X, Davis, R. E., Shimoni, L. & Chang, N.-L. (1995). Angew. Chem. 

Int. Ed. Engl. 34, 1555-1573. 
Bruker (2005). APEX2, SAINT and SADABS. Bruker AXS Inc., Madison, 

Wisconsin, USA. 



Kargar, H., Kia, R., Abbasian, S. & Tahir, M. N. (2012). Acta Cryst. E68, ml82. 
Kargar, H., Kia, R., Ardakani, A. A. S. & Tahir, M. N. (2012). Acta Cryst. E68. 
o2244-o2245. 

Kargar, H., Kia, R., Pahlavani, E. & Tahir, M. N. (2011). Acta Cryst. E67, o614. 
Kia, R., Kargar, H., Tahir, M. N. & Kianoosh, F. (2010). Acta Cryst. E66, o2296. 
Sheldrick, G. M. (2008). Acta Cryst. A64, 112-122. 
Spek, A. L. (2009). Acta Cryst. D65, 148-155. 



ITl998 Kargar eta/. • [Ni(C,8H,4CI 4 N 2 0 2 )(C :i H 7 NO) 2 ] 



Acta Cryst (2012). E68, m997-m998 



supplementary materials 



supplementary materials 



Acta Cryst. (2012). E68, m997-m998 [doi:10.1107/S1600536812028681] 

Bis(dimethylformamide-A:0){4,4 f ,6,6 f -tetrachloro-2 r 2-[butane-1,4-diyl(nitrilo- 
methanylylidene)]diphenolato-/c 4 0,/V r N f ,O f }nickel(ll) 

Hadi Kargar, Reza Kia, Amir Adabi Ardakani and Muhammad Nawaz Tahir 

Comment 

In continuation of our work on the synthesis and crystal structure analysis of Schiff base ligands and their complexes 
(Kargar, Kia, Abbasian et ah, 2012; Kargar, Kia, Ardakani et ah, 2012; Kargar et al.,2Q\\; Kia et ah, 2010), we report 
herein on the synthesize and crystal structure of the title compound. 

The asymmetric unit of the title compound, Fig. 1, comprises a Ni 11 Schiff base complex. The geometry around Ni 11 is 
distorted octahedral being coordinated by N 2 0 2 donor atoms of the tetradentate ligand, 6,6'-((butane-l,4-diylbis(azanylyl- 
idene))bis(methanylylidene)) bis(2,4-dichlorophenol) [Kargar, Kia, Ardakani et ah, 2012] and by two oxygen atoms of di- 
methylformamide molecules that are cis to one another. The bond lengths (Allen et ah, 1987) and angles are within the 
normal range. The intramolecular C — H---0 hydrogen bonds makes S(5) and S(6) ring motif (Table 1; Bernstein et ah, 
1995). The substituted benzene rings [C1-C6 and C13-C18] are almost normal [88.60 (14)°] to each other. 

In the crystal structure molecules are linked by pairs of weak C — H— CI interactions into individual inversion dimers 
(Table 1 and Fig. 2). 

Experimental 

The title compound was synthesized by adding 3,5-dichlorosalicylaldehyde-l,4-butylenediimine (1 mmol) to a solution 
of NiCl2 .6H 2 0 (1.1 mmol) in ethanol (30 ml). The mixture was refluxed with stirring for 30 min. The resultant solution 
was filtered. Green prismatic single crystals of the title compound, suitable for X-ray structure determination, were 
obtained by recrystallization from ethanol on slow evaporation of the solvents at room temperature over several days. 

Refinement 

The H-atoms were included in calculated positions and treated as riding atoms: C-H = 0.93, 0.96 and 0.97 A for CH, CH 3 
and CH 2 H-atoms, respectively, with U iso (H) = k x U eq (parent C-atom), where k = 1.5 for CH 3 H-atoms and =1.2 for other 
H-atoms. 

Computing details 

Data collection: APEX2 (Bruker, 2005); cell refinement: SAINT (Bruker, 2005); data reduction: SAINT (Bruker, 2005); 
program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: SHELXL97 
(Sheldrick, 2008); molecular graphics: SHELXTL (Sheldrick, 2008); software used to prepare material for publication: 
SHELXTL (Sheldrick, 2008) and PLATON (Spek, 2009). 
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Figure 1 

The molecular structure of the title compound, showing 40% probability displacement ellipsoids and the atomic 
numbering. Dashed lines show the intramolecular C-H—O interactions (see Table 1 for details). 
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Figure 2 

The crystal packing of the title compound viewed along the a axis, showing linking of molecules through weak C — H— CI 
interactions (dashed lines; see Table 1 for details) into individual inversion dimers. Only the H atoms involved in these 
interactions are shown . 

Bis(dimethylformamide-ft:0){4,4',6,6'-tetrachloro-2,2-[butane-1,4- diyl(nitrilomethanylylidene)]diphenolato- 
w 4 0,iV,iV',0'}nicl<el(ll) 



Crystal data 

[Ni(C 18 H,4Cl4N 2 02)(C3H 7 NO) 2 ] 

M r = 637.01 

Monoclinic, P2\ln 

Hall symbol: -P 2yn 

a = 9.7392 (11) A 

6= 19.165 (2) A 

c = 15.0197 (14) A 

R = 93.236 (3)° 

F= 2799.0 (5) A 3 

Z = 4 

Data collection 

Broker SMART APEXII CCD area-detector 

diffractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 
<p and co scans 

Absorption correction: multi-scan 

(SADABS; Broker, 2005) 
r min = 0.690, T m . dl = 0.761 



F(000) = 1312 

Z) x = 1.512 MgnT 3 

Mo Ka radiation, 1 = 0.71073 A 

Cell parameters from 3422 reflections 

6 = 2.8-27.5° 

ju — 1.11 mnr 1 

7=291 K 

Prism, green 

0.36 x 0.28 x 0.26 mm 



23789 measured reflections 
6633 independent reflections 
4349 reflections with / > 2a(T) 
R mt = 0.053 

#max = 27.9°, 8 m in = 1.7° 

h = -12— >12 
k= -25^25 
/ = -18— »-19 
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Refinement 

Refinement on F 2 

Least-squares matrix: full 

R[F- > l^F 2 )] = 0.044 

wR(F 1 ) = 0.123 

S = 1.02 

6633 reflections 

338 parameters 

0 restraints 

Primary atom site location: structure-invariant 
direct methods 



Secondary atom site location: difference Fourier 
map 

Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
w = ll[a\F 2 ) + (0.0542P) 2 + 0.7005P] 

where P = (F 2 + 2F 2 )/3 
(A/<7) max = 0.001 
Ap max = 0.39eA- 3 
Ap mm = -0.58eA- 3 



Special details 

Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance 
matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; 
correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate 
(isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted R- factor wR and goodness of fit S are based on F 2 , 
conventional R- factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2sigma(F 2 ) is 
used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based 
on F 2 are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 



2) 





X 


y 


z 


TJ *ITJ 


Nil 


0.03675 (3) 


0.167782 (17) 


0.39862 (2) 


0.03835 (1 


Cll 


0.42524 (9) 


0.25307 (4) 


0.57798 (6) 


0.0652 (2) 


C12 


0.34269 (10) 


0.05880 (5) 


0.83006 (6) 


0.0714(3) 


C13 


0.40497 (8) 


0.00038 (5) 


0.36167 (6) 


0.0626 (2) 


C14 


0.18116(14) 


-0.08010 (6) 


0.04365 (7) 


0.0929 (4) 


01 


0.1739 (2) 


0.19835 (9) 


0.49423 (13) 


0.0440 (5) 


02 


0.1643 (2) 


0.09054(10) 


0.36689 (14) 


0.0477 (5) 


03 


0.1363 (2) 


0.23648 (11) 


0.31056 (15) 


0.0545 (5) 


04 


-0.0881 (2) 


0.25534 (10) 


0.43674(16) 


0.0536(5) 


Nl 


-0.0578 (2) 


0.10534 (11) 


0.48708 (16) 


0.0393 (5) 


N2 


-0.0946 (2) 


0.14157(11) 


0.29273 (16) 


0.0413 (5) 


N3 


0.3381 (3) 


0.28212 (13) 


0.27093 (18) 


0.0524 (6) 


N4 


-0.1082 (3) 


0.34747 (13) 


0.5284 (2) 


0.0599 (7) 


CI 


0.2073 (3) 


0.16609 (13) 


0.56753 (19) 


0.0375 (6) 


C2 


0.3275 (3) 


0.18564(14) 


0.6196 (2) 


0.0438 (7) 


C3 


0.3696 (3) 


0.15504 (15) 


0.6988 (2) 


0.0507 (7) 


H3 


0.4488 


0.1700 


0.7307 


0.061* 


C4 


0.2906 (3) 


0.10097(15) 


0.7302 (2) 


0.0477 (7) 


C5 


0.1725 (3) 


0.08039 (14) 


0.68435 (19) 


0.0440 (7) 


H5 


0.1200 


0.0449 


0.7074 


0.053* 


C6 


0.1289 (3) 


0.11139(13) 


0.60378 (19) 


0.0395 (6) 


C7 


0.0006 (3) 


0.08645 (13) 


0.5616(2) 


0.0425 (7) 


H7 


-0.0451 


0.0524 


0.5927 


0.051* 


C8 


-0.1887 (3) 


0.07074(15) 


0.4602 (2) 


0.0499 (7) 


H8A 


-0.2166 


0.0421 


0.5093 


0.060* 


H8B 


-0.1741 


0.0400 


0.4103 


0.060* 
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Atomic displacement parameters (A 2 ) 
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U.Ujoj (IZ) 


A A/l AO 

u.u4uy 


(12) 


A A/l A A / 1 C\ 

U.U466 (15) 


A AA1 A /ON 

— u.uuiu (y) 


A AAO/1 /I AN 
U.UUZ4 (1U) 


A AA1 C /1 1 N 

U.UU35 (11) 


JN j 


A A/1 OO /1 CN 
U.U48Z (15 ) 


U.U56U 


(15) 


A AC/1 A /1 "7\ 

U.U54U (1 /) 


A AA1A /1 ON 

— U.UUJ6 (Iz) 


a oi oo ^^ on 
U.Ulzy (Iz) 


A A 1 1 1 t \ ON 

U.U13 1 (Iz) 


XT /I 


A A A /I A / 1 on 

U.U64y (lo) 


A ACA/I 

U.U5U4 


ft C\ 

(15) 


A A A /I O / 1 A\ 

U.U648 (ly) 


A AAC A / 1 "5 N 

O.UU5y (13) 


A AAAA /1CN 
U.UU66 (15) 


A A10"7 /ION 

— U.U13 / (13) 


CI 


a aia/i /1 /in 


a m o i 
0.0321 


(12) 


A A/l U /1 n\ 

U.U416 (1 /) 


A AAl 1 /1 1 N 
U.UU31 (11) 


A AAOA i A ON 

U.UUoU (lz) 


A AAO O / 1 ON 

—\)Sj\)SL (Iz) 


r^o 
CZ 


a A/i i/i / 1 an 
U.U434 (16) 


n A/l 1 0 
U.U41Z 


(14) 


o (\An\ /1 o\ 
U.U4 / 1 (ly) 


A AA1/1 /1 ON 

— U.UU34 (Iz) 


A AAC/1 /1 IN 

U.UU54 (13) 


A AAOA /1 IN 

—U.WZU (13) 


C3 


A A/l C 1 t 1 AN 

U.U451 (1°) 


U.U5 / 3 


(18) 


A A/l O /ON. 

u.u4y (z) 


A AA/l 0 (\ A\ 

U.UU40 (14) 


A AA1 1 /1 /IN 

—U.UU 11 (14) 


A AAAO ^^ CN 

— U.UUUy (15) 


C4 


A ac n / 1 on 
U.U53 / (lo) 


A ACAO 

U.U5U8 


(16) 


A ato/ /i OA 

U.U3B6 (lo) 


AA111 /1/IN 

U.U111 (14) 


AAA-11 /1/1N 

U.UU41 (14) 


A AA/l A /1 ON 

U.UU46 (13) 


pc 
C5 


A AC/IO /1 ON 

U.U54Z (18) 


a m no 


(14) 


U.Ojyj (1 /) 


A AAAO" ON 

U.UUU / (iz) 


AA110/1/1N 

U.U138 (14) 


A AA1 A /1 ON 

— U.UU16 (IZ) 


pa 
Co 


A A/l C 1 / 1 CN 
U.U453 (13) 


A AT CM 


(13) 


A AT A/l /1 H\ 

U.0iy4 (1 /) 


A A AAT / 1 1 N 
U.UUU/ (11) 


AA101 /ION 

v.viZi (12) 


A A AO 1 / 1 1 N 

— U.0UZ1 (11) 


C / 


A A/l AO. i\ AN 

U.U463 (lo) 


U.U36Z 


(14) 


A A/1 AO /1 OA 

U.U460 (iy) 


A AAC/1 /1 ON 

— U.UU54 (Iz) 


A A1 OA /1 /IN 

u.uiyu (14) 


A AA 1 A / 1 ON 

U.UUIU (IZ) 


po 
Co 


A A/1 ( 1 ON 
U.U4oZ (1 /) 


A A/l C C 

U.U455 


(16) 


A ACA /OA 

U.U56 (Z) 


AA1A1 /11N 

— U.U161 (13) 


AAAA1 /1/1N 

U.UU61 (14) 


A AAAA / 1 /IN 

U.UUU6 (14) 


po 

cy 


A AT AO / 1 an 

u.ujyz (lo) 


A AAAO 

U.U6U / 


(19) 


A AAT ZO\ 

U.U6J (Z) 


A A 1 1 A /1/IN 

-U.U134 (14) 


A A1 1 1 /1/1N 

U.U131 (14) 


A Ain /1 CN 

— U.U13 / (15) 


C1U 


A AO C /I / 1 CN 

U.U354 (15) 


A Af CI 

U.U563 


(18) 


A AAA ZO\ 

u.u6y (z) 


A A AO C / 1 1 N 

— U.UU25 (13) 


A AA1 A / 1 /I N 

U.UU3y (14) 


A AAC A i 1 AN 

— U.UU54 (16) 


r-i i 

CI 1 


a mm /1 cn 
U.Ujyz (ID) 


A A/l OA 


(16) 


A ACA /OA 

U.U56 (z) 


A AA1 H /1 ON 

U.UU1 / (Iz) 


A AAOC i\ /IN 

— U.UUZ5 (14) 


A AA1 1 i^ /IN 

— U.UU13 (14) 


C1Z 


A A/1 AC /1 CN 

U.U4U5 (15) 


A A/l A O 

U.U44Z 


(15) 


a moo /1 "7\ 

o.ujyo (i /) 


A AA/l 1 /1 ON 

— U.UU41 (Iz) 


A AA1 A /1 ON 

—U.UUIU (Iz) 


A AA1 A /1 ON 
U.UU14 (IZ) 


PIT 

C13 


a A/l An { 1 an 
U.U44/ (16) 


A A/l 1 C 

U.U435 


(15) 


A A "5 A A / 1 T\ 

u.ujy6 (i /) 


A AAAA / 1 ON 

- u.uuuy (iz) 


A AAAA / 1 1 N 

U.UU6y (13) 


A AAAO / 1 ON 
V.VVOZ (IZ) 


C14 


A ACOA / 1 ON, 

U.U5y6 (ly) 


A ACO. C 
U.U535 


(18) 


A A/l A1 /1 C\ 

U.U4U1 (lo) 


A AAA1 /1 /IN 

— U.UUU3 (14) 


A AACO i \ /IN 

U.UU5Z (14) 


A AA1 1 i \ /IN 
U.UU11 (14) 


CI j 


A ATA /ON 
U.U /U (Z) 


0.0538 


(18) 


A A/l A A /1 OA 

U.U44U (iy) 


A AATO /1 AN 

U.UU 11 (16) 


A A1 0/1 /1 n\ 

U.U1Z4 (1 /) 


A AA/l C /1 CN 

— U.UU45 (15) 


P 1 A 

C16 


A AC AA /1 ON 

U.U56U (iy) 


0.0482 


(16) 


A AAA ZO\ 

U.U6U (z) 


A AA/l 1 /1 /IN 

U.UU41 (14) 


A A01O /1 n\ 

U.Uz3y (1 /) 


A AAOO /1 CN 

0.0032 (15) 


CI / 


A A/l AA / 1 CN 
U.U4UU (13) 


0.0465 


(15) 


A A/IOA /1 ON 

U.U4o6 (lo) 


A AA 1 1 / 1 ON 

— U.UU13 (Iz) 


A A 1 A A / 1 1 N 
U.UlUy (13) 


A AACO / 1 0 N 
U.UU5 / (13) 


pin 

C18 


A AO O /I / 1 /I N 

U.U3o4 (14) 


0.0417 


(14) 


AA/I/IT /I o\ 

U.U443 (18) 


A AAA 1 / 1 1 N 

— U.UU61 (11) 


A AlOC /ION 
U.U1/5 (1/) 


A AAAA / 1 O N 
U.UU6U (13) 


pin 

ciy 


a A/i /i c /1 on 
U.U445 (1 /) 


0.0552 


(17) 


A A/l 01 /1 OA 

U.U40J (iy) 


a nmn /1 in 
— \}\j\)Sy (13) 


A AACA /1 /IN 

U.UU56 (14) 


A A 1 AT /1 A\ 
U.U16/ (14) 


C20 


0.075 (2) 


0.075 (2) 


0.054 (2) 


-0.0091 (19) 


0.0167(19) 


0.0089 (18) 


C21 


0.049 (2) 


0.090 (3) 


0.095 (3) 


-0.0093 (19) 


0.020 (2) 


0.023 (2) 


C22 


0.0494(18) 


0.0416(15) 


0.065 (2) 


-0.0016(13) 


0.0079(15) 


-0.0036 (15) 


C23 


0.070 (3) 


0.073 (3) 


0.126(4) 


0.011 (2) 


0.042 (3) 


-0.005 (2) 


C24 


0.119(4) 


0.080 (3) 


0.129 (5) 


0.011 (3) 


-0.007 (3) 


-0.056 (3) 



Geometric parameters (A, °) 


Nil— 01 


1.993 (2) 


C8— H8A 


0.9700 


Nil— 02 


2.0069 (19) 


C8— H8B 


0.9700 


Nil— Nl 


2.046 (2) 


C9— C10 


1.520 (5) 


Nil— N2 


2.046 (2) 


C9— H9A 


0.9700 


Nil— 03 


2.1370 (19) 


C9— H9B 


0.9700 


Nil— 04 


2.1684 (19) 


C10— Cll 


1.520 (4) 


Cll— C2 


1.742 (3) 


C10— H10A 


0.9700 


C12— C4 


1.753 (3) 


C10— H10B 


0.9700 


C13— C17 


1.738 (3) 


Cll— H11A 


0.9700 


C14— C15 


1.748 (3) 


Cll— HUB 


0.9700 


01— CI 


1.288 (3) 


C12— C13 


1.444 (4) 


02— CI 8 


1.279 (3) 


C12— H12 


0.9300 


03— C19 


1.229 (3) 


C13— C14 


1.408 (4) 


04— C22 


1.232(4) 


C13— C18 


1.425 (4) 


Nl— C7 


1.279 (4) 


C14— C15 


1.364 (4) 


Nl— C8 


1.473 (3) 


C14— H14 


0.9300 


N2— C12 


1.280(4) 


C15— C16 


1.381 (5) 
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N2— Cll 
N3— C19 
N3— C20 
N3— C21 
N4— C22 
N4— C23 
N4— C24 
CI— C2 
CI— C6 
C2— C3 
C3— C4 
C3— H3 
C4— C5 
C5— C6 
C5— H5 
C6— C7 
C7— H7 
C8— C9 



1.470 (3) 
1.328 (4) 

1.451 (4) 

1.452 (4) 
1.315 (4) 
1.445 (5) 
1.462 (5) 
1.421 (4) 
1.423 (4) 
1.368 (4) 
1.389 (4) 
0.9300 
1.365 (4) 
1.393 (4) 
0.9300 
1.450 (4) 
0.9300 
1.526(4) 



C16— C17 
C16— H16 
C17— C18 
C19— H19 
C20— H20A 
C20— H20B 
C20— H20C 
C21— H21A 
C21— H21B 
C21— H21C 
C22— H22 
C23— H23A 
C23— H23B 
C23— H23C 
C24— H24A 
C24— H24B 
C24— H24C 



1.370 (4) 

0.9300 

1.436 (4) 

0.9300 

0.9600 

0.9600 

0.9600 

0.9600 

0.9600 

0.9600 

0.9300 

0.9600 

0.9600 

0.9600 

0.9600 

0.9600 

0.9600 



01— Nil— 02 

01— Nil— Nl 

02— Nil— Nl 

01— Nil— N2 

02— Nil— N2 
Nl— Nil— N2 

01— Nil— 03 

02— Nil— 03 
Nl— Nil— 03 
N2— Nil— 03 

01— Nil— 04 

02— Nil— 04 
Nl— Nil— 04 
N2— Nil— 04 

03— Nil— 04 
CI— 01— Nil 
CI 8— 02— Nil 
CI 9— 03— Nil 
C22— 04— Nil 
C7— Nl— C8 
C7— Nl— Nil 
C8— Nl— Nil 
CI 2— N2— Cll 
CI 2— N2— Nil 
Cll— N2— Nil 
CI 9— N3— C20 
CI 9— N3— C21 
C20— N3— C21 
C22— N4— C23 
C22— N4— C24 



89.39 (8) 
90.68 (9) 
91.73 (9) 
174.92 (8) 
90.14(9) 
94.39 (9) 
87.48 (8) 
89.95 (8) 
177.50(9) 
87.46 (9) 
86.86 (8) 
175.86 (8) 
90.08 (8) 
93.44 (9) 
88.13 (8) 
126.97(17) 
128.06 (19) 
118.2 (2) 

120.2 (2) 
116.6(2) 
122.67 (18) 
120.01 (19) 

116.3 (3) 
124.1 (2) 
119.52(19) 
121.1 (3) 
121.1 (3) 
117.7(3) 
121.5 (3) 
121.1 (3) 



Cll— CIO— C9 
Cll— CIO— H10A 
C9— CIO— HI OA 
Cll— CIO— H10B 
C9— CIO— HI OB 
HI OA— CIO— HI OB 
N2— Cll— CIO 
N2— Cll— H11A 
CIO— Cll— H11A 
N2— Cll— HUB 
CIO— Cll— HUB 
H11A— Cll— HUB 
N2— CI 2— C13 
N2— CI 2— H12 
C13— C12— H12 
C14— CI 3— C18 
C14— C13— C12 
C18— C13— C12 
C15— C14— C13 
C15— C14— H14 
C13— C14— H14 
C14— CI 5— C16 
CI 4— CI 5— C14 
CI 6— CI 5— C14 
C17— C16— C15 
C17— C16— H16 
C15— C16— H16 
C16— C17— C18 
CI 6— CI 7— C13 
CI 8— CI 7— C13 



116.1 (3) 
108.3 
108.3 
108.3 
108.3 
107.4 
111.5 (2) 
109.3 
109.3 
109.3 
109.3 
108.0 
127.9 (3) 
116.1 
116.1 
120.9 (3) 

116.2 (3) 
122.8 (3) 
120.8 (3) 
119.6 
119.6 
120.8 (3) 
120.5 (3) 
118.6(2) 
119.2 (3) 
120.4 
120.4 

123.7 (3) 

118.8 (2) 
117.5 (2) 
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C23— N4— C24 


117.4 (3) 


02— CI 8— C13 


125.1 (3) 


01— CI— C2 


120.3 (2) 


02— CI 8— C17 


120.3 (3) 


01— CI— C6 


124.4 (3) 


C13— C18— C17 


114.6(3) 


C2— CI— C6 


115.3 (3) 


03— CI 9— N3 


124.4 (3) 


C3— C2— CI 


124.2 (3) 


03— CI 9— HI 9 


117.8 


C3— C2— Cll 


119.2 (2) 


N3— CI 9— HI 9 


117.8 


CI— C2— Cll 


116.6(2) 


N3— C20— H20A 


109.5 


C2— C3— C4 


118.1 (3) 


N3— C20— H20B 


109.5 


C2— C3— H3 


121.0 


H20A— C20— H20B 


109.5 


C4— C3— H3 


121.0 


N3— C20— H20C 


109.5 


C5— C4— C3 


120.7 (3) 


H20A— C20— H20C 


109.5 


C5— C4— C12 


119.6 (2) 


H20B— C20— H20C 


109.5 


C3— C4— C12 


119.7 (3) 


N3— C21— H21A 


109.5 


C4— C5— C6 


121.5 (3) 


N3— C21— H21B 


109.5 


C4— C5— H5 


119.3 


H21A— C21— H21B 


109.5 


C6— C5— H5 


119.3 


N3— C21— H21C 


109.5 


C5— C6— CI 


120.2 (3) 


H21A— C21— H21C 


109.5 


C5— C6— C7 


116.9(2) 


H21B— C21— H21C 


109.5 


CI— C6— C7 


122.9 (3) 


04— C22— N4 


124.4 (3) 


Nl— C7— C6 


128.2 (2) 


04— C22— H22 


117.8 


Nl— C7— H7 


115.9 


N4— C22— H22 


117.8 


C6— C7— H7 


115.9 


N4— C23— H23A 


109.5 


Nl— C8— C9 


113.9 (2) 


N4— C23— H23B 


109.5 


Nl— C8— H8A 


108.8 


H23A— C23— H23B 


109.5 


C9— C8— H8A 


108.8 


N4— C23— H23C 


109.5 


Nl— C8— H8B 


108.8 


H23A— C23— H23C 


109.5 


C9— C8— H8B 


108.8 


H23B— C23— H23C 


109.5 


H8A— C8— H8B 


107.7 


N4— C24— H24A 


109.5 


CIO— C9— C8 


115.3 (3) 


N4— C24— H24B 


109.5 


CIO— C9— H9A 


108.4 


H24A— C24— H24B 


109.5 


C8— C9— H9A 


108.4 


N4— C24— H24C 


109.5 


CIO— C9— H9B 


108.4 


H24A— C24— H24C 


109.5 


C8— C9— H9B 


108.4 


H24B— C24— H24C 


109.5 


H9A— C9— H9B 


107.5 






02— Nil— 01— CI 


-69.9 (2) 


C4— C5— C6— C7 


-178.8(2) 


Nl— Nil— 01— CI 


21.8(2) 


01— CI— C6— C5 


-179.0(2) 


03— Nil— 01— CI 


-159.9 (2) 


C2— CI— C6— C5 


-0.8 (4) 


04— Nil— 01— CI 


111.9 (2) 


01— CI— C6— C7 


-0.6 (4) 


01— Nil— 02— C18 


-161.0(2) 


C2— CI— C6— C7 


177.6 (2) 


Nl— Nil— 02— C18 


108.4 (2) 


C8— Nl— C7— C6 


179.8 (3) 


N2— Nil— 02— C18 


14.0 (2) 


Nil— Nl— C7— C6 


9.7 (4) 


03— Nil— 02— CI 8 


-73.5 (2) 


C5— C6— C7— Nl 


-177.9(3) 


01— Nil— 03— C19 


27.0 (2) 


CI— C6— C7— Nl 


3.7 (4) 


02— Nil— 03— C19 


-62.4 (2) 


C7— Nl— C8— C9 


129.0 (3) 


N2— Nil— 03— C19 


-152.6 (2) 


Nil— Nl— C8— C9 


-60.6 (3) 


04— Nil— 03— C19 


113.9(2) 


Nl— C8— C9— CIO 


101.6 (3) 


01— Nil— 04— C22 


15.5 (2) 


C8— C9— CIO— Cll 


-74.4 (3) 


Nl— Nil— 04— C22 


106.2 (2) 


C12— N2— Cll— CIO 


93.9 (3) 
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XTT^ XT'1 p. A poo 

N 2 — N 1 1 — (J4 — C22 


1 ca 

-159.4 (2) 




XTJ 1 XT^> P1 1 ni A 

Nil — Nz — Cll — C10 




OO 1 /ON 

-88.3 (3) 


p, -> \ri p. a pn 

(J 3 — Nil — (J4 — C22 


-72.0 (2) 




p A p i r\ /-ill XTO 

C9 — C 1 0 — C 1 1 — N 2 




60.4 (4) 


X T..' 1 X T 1 /"^T 

Ol — Nil — Nl — C7 


-18.0 (2) 




pi i xt^ rn rn 

Cll — N2 — C12 — Cli 




-173.9 (3) 


02 — Nil — N 1 — C7 


■7 1 c n\ 

71.5 (2) 




\r i xTn rn rn 

Nil — N2 — C12 — CI J 




O A t A\ 

8.4 (4) 


XT1 XT.* 1 X T ! 

Nz — Nil — Nl — C7 


161.7 (2) 




xti pi i p 1 /i 

N 2 — C 1 2 — C 1 J — C 1 4 




1 TO /I /"I \ 

178.4 (3) 


p J \T" i XT1 /"< "7 

(J4 — Nil — N 1 — C7 


1 A A O 

-104.8 (2) 




XT^> p 1 ^) rii i P 1 O 

N 2 — C 1 2 — C 1 3 — C 1 o 




2.3 (4) 


/-\ i XT' 1 XT 1 P O 

Ol — Nil — Nl — Co 


172.2 (2) 




p i o p t -> p i /i p i r - 

C18 — C13 — C14 — C15 




A O / A\ 

-0.8 (4) 


02 — N 1 1 — N 1 — C 8 


no i 

-98.3 (2) 




rill fin P 1 /I P 1 C 

C 1 2 — C 1 3 — C 1 4 — C 1 5 




1 nn a \ 

-177.0 (3) 


XT1 XT.* 1 XT 1 Z" 1 O 

NZ — Nil — Nl — C8 


-8.1 (2) 




pi o P 1 /I PIC p i /_ 

Cli — C14 — C15 — C16 




0.6 (5) 


t~\ A XT.* 1 XT I po 

(J4 — Nil — N 1 — C8 


or A /T\ 

85.4 (2) 




p i o pi/i n c f~^\ a 

C 1 3 — C 1 4 — C 1 5 — C14 




179.3 (2) 


XT1 XTJ 1 XT^ 

N 1 — N 1 1 — N 2 — C 1 2 


-105.1 (2) 




C14 — C15 — C16 — C17 




A A /C \ 

-0.4 (5) 


p xt* 1 XT'") no 

(J J — N 1 1 — N 2 — C 1 2 


76.6 (2) 




p 1 ,1 PIC p 1 /_ P1T 

C14 — C 1 5 — C 1 6 — C 1 7 




1 *7A 1 

-179.1 (2) 


r\ a 1 xtt rn 
04 — N 1 1 — N 2 — C 1 2 


164.0 (2 J 




PIC P 1 /. p 1 -7 1 O 

C 1 j — C 1 o — C 1 / — C 1 o 




0.3 (4) 


\T'1 \J1 | 1 

02 — Nil — N2 — CI 1 


1 /" A A 

169.0 (2) 




p 1 r- P1/" p i -7 PIT 

C 1 5 — C 1 6 — C 1 7 — C13 




179.3 (2) 


\ti XT' 1 \T1 P 1 1 

Nl — Nil — N2 — Cll 


77.3 (2) 




XT' 1 Z" 1 1 O P 1 O 

Nil — 02 — CI 8 — C13 




-8.8 (4) 


P, ~> XT* 1 XT'-) pi 1 

03 — Nil — Nz — Cll 


1 A 1 A ZO\ 

— 1U1.U (2) 




Nil — (J2 — CI 8 — C17 




1 TO 1A / 1 0\ 

172.30 (18) 


r\ A XT-1 1 XTT /" 1 1 

U4 — N 1 1 — N 2 — C 1 1 


-13.1 (2) 




P 1 A P 1 "> P 1 O P,0 

C 1 4 — C 1 3 — C 1 8 — U2 




1 TO A S1\ 

— 1 /8.4 (3) 


XTJ 1 /"\ 1 1 pn 

Nil — Ol — CI — Cz 


165.65 (18) 




p 1 -> P1") p 1 O PtO 

C 1 2 — C 1 3 — C 1 8 — U2 




-2.4 (4) 


XT*1 f\ 1 A 1 1 /- < / 

Nil — Ol — CI — Co 


-16.2 (4) 




P 1 J p I p 1 O P 1 1 

C14 — C13 — C18 — C17 




0.6 (4) 


p i p i P -> p •** 

Ol — CI — C2 — C3 


179.0 (3) 




p 1 ^) pi 1 1 O p 1 "7 

C12 — C13 — C18 — C17 




176.6 (2) 


Co — C 1 — Cz — C3 


0.6 (4) 




r^\t~ no r\i 
C 1 6 — C 1 / — C 1 8 — Oz 




1 TO £ /1\ 

1 /8.6 (3) 


Ol — CI — Cz — Cll 


-1.0 (3) 




C13 — C 1 7 — C 1 8 — 02 




A A /">\ 

-0.4 (3) 


Co — CI — C2 — Cll 


-179.33 (19) 


CI 6 — C17 — CI 8 — C13 




-0.4 (4) 


p 1 PO P "> p A 

C 1 — C2 — C3 — C4 


0.6 (4) 




pi ") p i "7 pio pn 

Cl3 — C 1 7 — C 1 8 — C 1 3 




1 7A /I 1 f 1 A\ 

-179.41 (19) 


rn r? p rzi 

V^ll V^Z V^J 


-179.4(2) 




Nil m n n xn 

IN 11 UJ v 1 7 IN J 






C2— C3— C4— C5 


-1.7(4) 




C20— N3— CI 9— 03 




-1.0 (5) 


C2— C3— C4— C12 


178.5 (2) 




C21— N3— C19— 03 




174.7 (3) 


C3— C4— C5— C6 


1.6(4) 




Nil— 04— C22— N4 




-161.8(3) 


C12— C4— C5— C6 


-178.6(2) 




C23— N4— C22— 04 




-2.2 (5) 


C4— C5— C6— CI 


-0.3 (4) 




C24— N4— C22— 04 




-178.9(4) 


Hydrogen-bond geometry (A, °) 


D—n-A 




D — H 


n-A 


D-A 


D—n-A 


C9— H9S-04 




0.97 


2.58 


3.327 (4) 


134 


Cll— H11S-04 




0.97 


2.40 


3.057 (4) 


125 


C19— H19-01 




0.93 


2.25 


2.865 (4) 


123 


C8— H8^-C13' 




0.97 


2.86 


3.753 (3) 


153 



Symmetry code: (i) -x, -y, -z+1 . 
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